This study aimed at developing a novel multiplex polymerase chain reaction (PCR) primer set for identification of the potentially probiotic Bifidobacterium species B. adolescentis, B. animalis subsp. animalis (B. animalis), B. bifidum, B. breve, B. longum biovar infantis (B. infantis), B. animalis subsp. lactis B. lactis, B. longum biovar longum (B. longum) and B. pseudolongum. The primer set comprised specific and conserved primers and was derived from the integrated sequences of 16S and 23S rRNA genes and the rRNA intergenic spacer region (ISR) of each species. It could detect and identify type strains and isolates from pharmaceuticals or dairy products corresponding to the eight Bifidobacterium species with high specificity. It was also useful for screening of the related strains from natural sources such as the gastro-intestinal tract and feces. We suggest that the assay system from this study is an efficient tool for simple, rapid and reliable identification of Bifidobacterium species for which probiotic strains are known.
Introduction
Strains of the genus Bifidobacterium constitute a significant proportion of the probiotic cultures used in the pharmaceutical and food industry [1] [2] [3] . Members of Bifidobacterium are among the most common microorganisms in the human colon, and they are considered to be important in maintaining a well-balanced intestinal microflora [4] . It has been postulated that some bifidobacteria have several health promoting effects, including prevention of diarrhea and intestinal infections, alleviation of constipation, production of antimicrobials against harmful intestinal bacteria, and immunostimulation [5, 6] . Recently, many efforts have been made to search for potentially probiotic Bifidobacterium strains from human bodies and dairy products. Thus, the development of convenient and accurate methods for identification of Bifidobacterium strains is essential [7] .
Conventional biochemical and physiological tests have some limitations in discriminating a large number of isolates showing similar physiological characteristics such as carbohydrate fermentation profiles, cell wall analysis and detection of specific enzymes (transaldolases, b-galactosidases, 6-phosphogluconate dehydrogenase and various isoenzymes) [4] . The phenotypic techniques do not always give clear results, are tedious and sometimes unreliable because of adaptive changes of species to growth conditions [8] . Therefore, much research has focused upon the application of other biological techniques such as the comparison of specific nucleotide sequences for the identification of bifidobacteria [9] . Recently, it has been proposed that Bifidobacterium species can be easily differentiated by pulsed-field gel electrophoresis, random amplified polymorphic DNA, denaturing gradient gel electrophoresis and restriction fragment length polymorphism [9] [10] [11] [12] [13] .
The use of rRNA and its encoding genes as target molecules has been one of the most widely used molecular approaches in taxonomic studies [14] . Molecular techniques based on 16S rDNA and 16-23S rDNA intergenic spacer region (ISR) sequences have attracted attention as reliable methods for identification of Bifidobacterium species [15, 16] , and 23S rDNA-targeted primers for PCR assay have successfully identified specific species among Bifidobacterium and other genera [17, 18] . In addition, the multiplex PCR technique can simultaneously accomplish the rapid identification and correct differentiation of several species [8] . Compared with phenotypic methods, multiplex PCR primer sets, established for identification of Bifidobacterium species, have improved the accuracy of species identification and the convenience of procedure.
But multiplex PCR assays place a limit on the detection of more than five species because the primers have mostly been derived from only the specific sequences on either 16S rDNA or ISR and flanking 23S rDNA. In our previous study [19] , more discriminative primers were designed by integrating all sequences of 16S rDNA, ISR, and 23S rDNA in Lactobacillus species. The multiplex PCR primer set developed detected seven species at a time.
In this work, we designed another convenient multiplex PCR for detecting 8 major, potentially probiotic Bifidobacterium species, with primers targeted to 16S and 23S rRNA genes and their ISR. In order to validate the multiplex PCR system, we applied it to the identification of bifidobacteria isolated from commercial probiotics and natural sources. T . Bifidobacterium strains from KCTC (Korean Collection for Type Cultures, Korea) were applied to species identification. Bifidobacterial isolates from commercial probiotics and the stools of infants were tested for the evaluation of the multiplex PCR primer set as a screening tool for probiotic strains. Isolation of these strains was performed by the method of Temmerman et al. [20] and Mullie et al. [8] , respectively. All strains were cultured on BL (Eiken Chemical, Tokyo, Japan) agar at 37°C in an Anaerobic System (BBL GasPak, Becton Dickinson and Company, Cockeysville, MD).
Materials and methods

Bacterial strains and growth conditions
Design of the multiplex PCR primer set for identification of Bifidobacterium species
To design specific and conserved primers based on the 16S and 23S rRNA genes and their ISR, bifidobacterial rDNA sequences were acquired from GenBank (http://www.ncbi.nlm.nih.gov/). 16S rDNA sequences shorter than 0.5 kb and the sequences of 23S rDNA and ISR shorter than 0.2 kb were filtered out for efficient data processing and 222 nucleotide sequences remained. Assembling rDNA sequences, making representative sequences, and designing primers was performed as previously described [19] . Twenty-three representative rDNA sequences were generated. Among these, the representative sequences of the target species in this study were integrated from the sequences listed in Table 1 . Finally, eight species-or group-specific and two Bifidobacterium genus-conserved primers were designed for amplification of the differentiated target specific PCR product. Primer sequences and expected size of the amplicons are shown in Table 2 .
Preparation of DNA templates and PCR assay
Both purified genomic DNAs and colony suspensions were used as templates for PCR. DNA templates were purified as described in our previous study [19] . PCR mixture (20 ll) contained 2 ll of 10· PCR buffer (Thermophilic DNA Polymerase with Mg-free 10· Reaction Buffer, Promega Corporation, Madison, WI), primer mixture comprising 50 pmol of each primer, 625 lM of each deoxyribonucleotide triphosphate (Promega), 2.5 mM MgCl 2 , 1.0 U Taq DNA polymerase (Promega), and DNA template. PCR amplification was performed with a PTC-200 DNA Engine (MJ Research, Waltham, MA) as follows: Initial heating at 96°C for 2 min, followed by 35 cycles consisting of denaturation at 94°C for 30 s, annealing at 63°C for 40 s, and extension at 72°C for 30 s, and a 5 min final extension step at 72°C. In colony PCR, after initially heating the PCR samples at 96°C for 5 min for cell disruption and DNA release, PCR procedures were carried out as described above. Amplicons were separated by electrophoresis in 1.5% agarose gels and visualized by ethidium bromide staining.
Identification of strains from probiotics and fecal sample
All isolates were assigned to the genus Bifidobacterium on the basis of their anaerobic requirement, cellular morphology, Gram staining and fructose-6-phosphate phosphoketolase activity. Among the isolates, bifidobacteria were finally selected by a PCR assay using the Bifidobacterium genus-specific primer pair (primer g-Bifid-F, 5
0 -CTCCTGGAAACGGGTGG-3 0 ; primer g-Bifid-R, 5 0 -GGTGTTCTTCCCGATATCTACA-3 0 ) [15] . To identify unknown bifidobacterial isolates, PCR assays for detection of human-originated Bifidobacterium species were performed, as described by Mullie et al. [8] . The species-identified isolates were certified by sequence analysis. Cloned 16S rRNA genes were sequenced with ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction kit (Perkin-Elmer Inc., Wellesley, MA). The nucleotide sequences were analyzed for sequence similarity by BLAST (http://www. ncbi.nlm.nih.gov/blast) and compared with those of representative Bifidobacterium species by multiple alignments using Clustal X (Des Higgins, Germany). Also, phylogenetic relationships were confirmed through comparing the 16S rDNA sequence of each isolate with those corresponding to related species by BLAST2 (http://www.ncbi.nlm.nih.gov/blast/bl2seq) pair-wise alignments. b Each target site indicates the start to end point of the complementary sequences annealing the forward and reverse primer respectively and all the primer sequences were numbered according to E. coli numbering of the 16S rRNA gene [30] .
c Product indicates approximated length of each PCR product derived from primer pair composed of species-specific and bacterial conserved primer (IDBC1R or IDBC2F).
d Primer IDB71R is modified sequence formerly described by Ventura et al. [18] .
Results
Establishment of the multiplex primer set for identification of potentially probiotic Bifidobacterium species
A novel multiplex PCR primer set for identification of eight potentially probiotic Bifidobacterium species comprising B. adolescentis, B. animalis, B. bifidum, B. breve, B. infantis, B. lactis, B. longum and B. pseudolongum was constructed from the sequences of 16S rDNA and 16S-23S rDNA ISR containing flanking 23S rDNA. The multiplex primer set was composed of ten primers (Table 2 ) derived from six species-specific, two groupspecific and two Bifidobacterium genus-conserved sequences (Fig. 1) . All species-specific primers produced single amplicons representing species-specificity together with either one of the conserved primers, IDBC1R and IDBC2F, as a counterpart. The group-specific primers, IDB61F and IDB81R were designed for detecting B. animalis-and B. longum-group, respectively. Since the sequences of group-specific primers are commonly present in rDNAs of the species in each group, the primers therefore yielded group-specific amplicons of equal size. The group-specific primers, ID61F and ID81R, provided the same amplicons of 188 and 680 bp to B. lactis and B. animalis and to B. longum and B. infantis, respectively. The group-specific amplicons, together with species-specific amplicons, helped to discriminate species in a group. They clearly discriminated B. lactis from B. longum and B. psuedolongum because the species-specific amplicon of B. lactis showed a small difference (less than 80-90 bp) in length compared with the others (Table 2 ).
Discrimination of potentially probiotic
Bifidobacterium species by the multiplex PCR To verify whether all specific primers were available for identification of respective species, the PCR assay was performed with thirteen Bifidobacterium type strains. Each pair of specific and conserved primers produced an amplicon of expected length (ca. 0.2-1.2 kb). Group-specific primer IDB61F together with its counterpart IDBC1R produced amplicons of equal size from B. animalis and B. lactis. Primer IDB81R with IDBC2F also generated group-specific amplicons from the type strains of B. infantis and B. longum (data not shown).
It was then tested whether the multiplex primer set consisting of all ten primers in equimolar amounts could be applicable to the identification of each species. The primers did not interfere with each other and the multiplex PCR correctly detected and discriminated eight target Bifidobacterium type strains (Fig. 2) . Two groupspecific amplicons were produced: 188 bp from B. animalis and B. lactis (Fig. 2, lanes 3 and 9) and 680 bp from B. infantis and B. longum (Fig. 2, lanes 8 and  10) . It is interesting that the multiplex PCR with B. lactis generated an unexpected amplicon (ca. 0.5-0.6 kb). It was estimated as an amplicon produced from primer pairing, IDB61F-IDB71R (570 bp, see Table 2 and Fig. 1 ). However, no amplicon was observed in a similar case of possible primer pairing, IDB51F-IDB81R in B. longum.
To test the possibility of rapid and simple detection without DNA extraction, the same experiments were repeated using cell suspensions as PCR templates. The results were in agreement with those using purified genomic DNA. In addition, individual strains in mixed cell suspensions were readily discerned (Fig. 3) . Even in the cases of the mixed sample containing B. lactis and B. longum, each species could be clearly distinguished from one another by the group-specific amplicon (Fig. 3, lanes 1, 2, and 7 ).
Verification of the multiplex PCR with the reference strains
In order to study whether the multiplex primer set was appropriate for species identification of various strains, forty-one Bifidobacterium strains from KCTC were tested (Table 3) . Among these, twenty-two strains belonged to eight potentially probiotic Bifidobacterium species. Prior to the investigation, it was confirmed by Bifidobacterium genus-specific PCR that all strains were bifidobacteria (data not shown). The multiplex PCR assay produced specific amplicons in twenty-three strains. With one exception, the strain B. suis KCTC 3229 T , the twenty-two positive strains belonged to the eight target species while the eighteen negative strains did not. The multiplex PCR assay also identified each of the twenty-two strains as one of the eight target species with high accuracy (20/22) . Only two strains, B. animalis KCTC 3126 and B. animalis KCTC 3356 were identified as B. lactis with the multiplex PCR results.
Application of the multiplex PCR to identification of new isolates
The established primer set was applied to the identification of Bifidobacterium strains isolated from pharmaceuticals and dairy products. Fifteen probiotic isolates were identified as B. bifidum, B. infantis, B. lactis, and B. longum (Table 4) . To verify whether the primer set correctly detected target species, each isolate was phylogenetically analyzed on the basis of its partial 16S rDNA sequence. It was shown that the results of multiplex PCR matched those of DNA sequence analysis (data not shown).
In order to estimate whether the multiplex PCR system is a reliable tool for the screening of probiotic Bifidobacterium strains from various samples, we also tested bifidobacterial isolates from feces of infants. Forty-four strains were isolated from fecal samples and assigned to Bifidobacterium by the genus-specific PCR assay. Among these, only twenty-one were identified as the probiotic Bifidobacterium strains by the multiplex PCR. B. longum were predominant and B. bifidum, B. breve, and B. infantis were present in similar proportion Table 4 Identification of Bifidobacteria from commercial probiotics and feces of infants (Table 4) . Amplicons corresponding to B. adolescentis, B. animalis, B. lactis, and B. pseudolongum were not found. The remaining twenty-three isolates were investigated with PCR assays established by Mullie et al. [8] .
Many of them were identified as B. angulatum and B. catenulatum/B. pseudocatenulatum (data not shown).
Discussion
There are reports identifying Bifidobacterium strains by oligonucleotide probes or PCR assays [16, [21] [22] [23] . In conventional studies, PCR-based methods have been performed to detect a single or a few species. Recently, many multiplex PCR techniques such as group-specific PCR have been introduced to identify Bifidobacterium species from various sources [8, 22] . So far no PCR system could discriminate more than five species at once. This was due to the use of primer sets based on individual specific sequences of 16S, 23S rRNA gene or ISR [24] . Therefore, our studies focused on developing a multiplex primer set to detect various potentially probiotic Bifidobacterium species with a single PCR assay.
We constructed a multiplex PCR primer set containing two conserved and eight specific primers. The primer set was designed to produce two PCR products in B. longum and B. lactis, a species-specific and a group-specific one, respectively. The group-specific amplicon discriminated between species in a group and those that produce the species-specific amplicons with a small difference in size. However, it can also give rise to extra-amplicons from the species-specific pairing such as IDB51F-IDB81R for B. longum and IDB61F-IDB71R for B. lactis. Among these, only B. lactis generated the amplicon corresponding to extra-pairing of the primers. Nevertheless, all the type strains were easily identified by amplicons of unique size and number.
When the multiplex primer set was applied to the identification of forty-one Bifidobacterium strains, it presented a relatively high accuracy with only three exceptions, two of B. animalis and one of B. suis strains. In the case of the two strains of B. animalis, the multiplex primer set recognized B. animalis KCTC 3126 and B. animalis KCTC 3356 as B. lactis. However, Ventura et al. have already classified B. animalis ATCC 27536 and B. animalis ATCC 27674 into B. lactis, and these strains are identical to B. animalis KCTC 3126 and B. animalis KCTC 3356, respectively [23, 25] . These results suggest that these strains may be closer to B. lactis than to B. animalis in phylogenetic relationship. The type strain of B. suis species, KCTC 3229 T was detected as B. longum in the multiplex PCR. The rDNA sequence analyses revealed that the B. longum species-specific primer was different from the corresponding sequences of B. suis in only one base pair. We presume that it is impossible to distinguish B. suis from B. longum by PCR assay using the B. longum -species-specific primer based on 16S rDNA gene and ISR. If all these factors are taken into consideration, the accuracy of the multiplex PCR may be as high as 97.6% (40/41).
The multiplex primer set established in this study has several advantages over the conventional ones composed of only species-specific primers. Successful introduction of the group-specific and conserved primers made it possible to devise more primers from the defined region and to easily optimize the multiplex PCR conditions. The primer set could detect eight species in a PCR assay without unexpected amplicons, as described on our previous study [19] . In addition, the incorporation of the latest information on rDNA sequences for primer set design allowed realization of the discrimination not only between B. infantis and B. longum, even if not B. suis, which are the member of biovars in B. longum, but also between B. animalis and B. lactis, the latter having recently been described as a subspecies of B. animalis [26, 27] .
We examined the applicability of the primer set to identify bifidobacteria isolated from pharmaceuticals and dairy products. The isolates could be easily identified as a bifidobacteria belonging to B. bifidum, B. infantis, B. lactis or B. longum. To verify the applicability of the PCR assay as a screening tool for probiotic strains, we also tested a number of Bifidobacterium isolates from feces of infants. Among the isolates, B. longum were predominant and B. bifidum, B. breve and B. infantis were found in relatively small proportion. This result is in agreement with those of another recent report [8] . To ensure that the multiplex primer set did not produce false-negative results, the unidentified strains were further investigated. Among them, some were ascertained to belong to B. angulatum, B. catenulatum and B. pseudocatenulatum. According to the phylogenetic relationship, others may be estimated to be Bifidobacterium-related species existing in human gastro-intestinal tract such as Gardnerella vaginalis, Scardovia inopinata and Parascardovia denticolens [8] . Identical sequences with those of Bifidobacteriumspecific primers were found in their 16S rDNA (AB029087, D89331, D89332, M58744). Even though classified recently, these species were hardly distinguished from Bifidobacterium because they had the fructose-6-phosphate phosphoketolase known as the specific enzyme of Bifidobacterium, and very high similarities in their rDNA sequence [28, 29] .
In conclusion, we established a multiplex PCR primer set for the rapid identification of potentially probiotic Bifidobacterium species. The method can be applied to, and contribute to the development, management and investigation of useful probiotics. In addition, we confirmed that the design of multiplex PCR primers based on the integration of rDNA sequences is a readily available and applicable method.
